The International 0-group fish survey in the Barents Sea (1965Sea ( -2002 aimed to give initial indication of the recruiting year class strengths. Since 2003 the 0-group survey has been a part of a Joint Norwegian-Russian ecosystem survey of the Barents Sea, conducted by IMR (Norway) and PINRO (Russian Federation). The electronic 0-group databases were missing some data and contained errors, therefore the databases have been quality checked and corrected for the period 1980-2006. Two separate sets of 0-group indices were re-estimated, both with and without correction for capture efficiency, using a stratified sample mean approach, and 0-group indices were correlated with other appropriate abundance indices. The exclusion of errors from the database has improved our confidence in the indices and analysis. In general, the 0-group indices seem to be reliable predictors of year class strengths and are adequate to use as input in stock assessmentmodels and recruitment studies.
INTRODUCTION
The knowledge of the size of the recruiting year classes is an important contribution for a successful assessment. The main goal with the Joint International 0-group fish survey has been to give an initial indication of year class strength of the commercially important fish stocks in the Barents Sea. The survey has been conducted since 1965 by the Institute of Marine Research, (IMR), Norway, the Polar Research Institute of Marine Fisheries and Oceanography (PINRO), Russia, and the United Kingdom (up until 1976) . Since 2003 the 0-group survey has been a part of a Joint NorwegianRussian ecosystem survey of the Barents Sea [1] .
The 0-group survey has been carried out annually during August-September. In 1980 a standard trawling procedure was recommended by ICES [2, 3] and has since been used on Norwegian and Russian vessels. The standard procedure consists of predetermined tows at three or more depths, each of 0.5 nautical mile, with the head-line at 0, 20 m, 40 m and so on.
Developing methods for estimating year class strength/ abundance has been an urgent task during the whole investigation period . The possibility of estimating abundance of 0-group fish, using echo-sounder was presented by Dragesund and Olsen [4] . Nakken and Raknes [5] , improved the "area index" method [6] , and this method is still in use. The "logarithmic index" method, developed by *Address correspondence to this author at the Institute of Marine Research, PO Box 1870 Nordnes, N-5817 Bergen, Norway; Tel: +47 55 23 53 51; Fax: +47 55238687; E-mail: elena.eriksen@imr.no Randa [7] , was used until 2004. Dingsør [3] applied the "stratified sample mean" method and calculated the 0-group indices, this procedure was further developed [8] and is now the standard method for establishing the 0-group indices in the Barents Sea. In 2005 two separate sets of indices were estimated, both with and without correction for capture efficiency (called as old indices here).
The biological data collected during the survey is the basis for estimation of fish abundances. Thus, the quality of the collected data will influence the results and conclusions. After the survey, the collected data were exchanged between the Institutes. Before computer techniques were common, hand-written data were exchanged. In later years, data have been exchanged in electronic form. IMR and PINRO were responsible for punching of the historical hand-written data, from which two databases were established. The first aim for this work is to recalculate the 0-group abundance indices using a scrutinized and corrected database.
Several studies have compared the 0-group abundance indices with other abundance indices of early and later life stages. Gundersen and Gjøsaeter [9] found significant correlation between 0-group and 1-group indices of capelin, but no correlation between larval indices and 0-group nor 1-group indices. The suggested explanation to this was a high mortality during the first months of capelins life. Helle et al. [10] found significant correlation between 0-group indices of cod and spawning-stock biomass (SSB) and acoustic survey abundance indices (WA). The second aim of this work is to compare the new indices with other year class estimates of the most important commercial species.
MATERIALS AND METHODS

Recalculation of 0-Group Indices
Information in the databases was compared with the hand-written data and between the databases. The database was updated and errors were corrected. The corrected datasets (2) where ws/1852 is the wingspread of the trawl converted into nautical mile and d s is the effective trawl distance found by total distance trawled divided by the number of depth layers [11] .
The stratified swept area estimate, is given by
where N is the number of area-strata, A i is the covered area in the i-th stratum, and i y is the average density in stratum i given by
where n i is the number of stations in stratum i. The full description of the stratified sample mean method was published in volume 2 of the 2004 survey report [8] .
Capture efficiency of pelagic trawl is highly selective for 0-group fish [12, 13] , and the selectivity depends on species and fish length. Length correction functions, Keff, for trawl capture efficiency have been estimated by regressions between fish densities from simultaneous trawl and acoustic estimates of relatively "pure" concentrations [14] . By "pure" concentrations, we mean that only one species dominates the catches. Correction functions for three species types are:
Keff capelin = 7.2075*exp(-0.1688*l) (6) Keff herring = 357.23*exp(-0.6007*l)
where l is the observed length in cm. Unfortunately, because of the requirement of "pure" concentrations, there are no correction functions available for other species.
Comparing 0-Group Indices
A comparison of abundance estimates of Barents Sea fish at larval, 0-group, 1-group stages and recruitment for the year classes 1980-2005 will give an indication of abundance variation through the different life stages. The indices included in the analysis and general information about the surveys and the periods in which they were conducted are given in Table 1 .
Pearson's correlation was estimated to determine if the relative abundance of 0-group fish is proportional to its relative abundance at an earlier or later life stage. Pearson's r reflects the degree of linear relationship between two variables. It ranges from +1 to -1, a correlation of +1 means that there is a perfect positive linear relationship between variables. However, it is important to keep in mind that biases in the surveys will influence the results [3, 12] , i.e. variable biases will weaken the correlations. 0-group indices (0grI) were correlated with the "area index" (AI), capelin larval index (LI), 1-year old abundance indices or estimate (1grE), bottom trawl index (WBT), acoustic index (WA), age-3 recruits (3R), maturing biomass (MB) and spawning stock biomass (SSB) ( Table 1 ). In addition a regression analysis was performed to describe ability of 0-group indices to predict 1 and 3 years old fish abundance. The correlations between 0-group indices of capelin, herring, cod, haddock, and saithe were also analyzed.
RESULTS
Recalculation of 0-Group Indices
The Norwegian and Russian 0-group databases containing twenty-six years of survey-data were quality checked. The main reason for a mismatch between the databases was punching errors and lack of specific test-programs to detect errors before the data are entered into the database.
New indices with and without length correction of 0-group capelin, herring, cod, haddock, saithe, polar cod, redfish, Greenland halibut and long rough dab were calculated for the period 1980-2006 ( Table 2 ).
The recalculated 0-group indices showed some differences (Table 3 ) from the old indices [1] , and these differences varied between species. 0-group indices of capelin, herring, redfishes and Greenland halibut had the largest changes, and four year classes (1980, 1982, 1995 and 2001) of the eastern population of polar cod were missing in the old indices.
Comparison of 0-group Indices
The Fig. (1) shows time series of 0-group abundance (0grI and 0grIK) and abundance of older fish for capelin, herring, cod, haddock, and saithe.
Indices of 0-group capelin, herring, cod, haddock, and saithe without length correction (0grI) were compared with length corrected indices (0grIK), using Pearson's correlation. There were significant linear correlations between 0grI and 0grIK, with high values of Pearson's r; 0.91 (herring), 0.95 (saithe), 0.98 (cod) and 0.99 (haddock and capelin). Table 4 contains the estimated Pearson's correlation between 0-group indices and other available indices ( Table 1) . Highly significant correlations were found between the new 0-group indices (0grI and 0grIK) and the area index (AI) for all species, with Pearson's r between 0.80 and 0.89.
Capelin
The new capelin 0-group indices varied some from the old indices [1] , and shows that the old indices underestimated the 1987, 1992, 1995, and 2001 year classes, while the 1988, 1994, and 2003 year classes were overestimated ( Table 3) .
We found a significant linear correlation between capelin 0-group and 1-group indices, but weaker correlation with the larval index and the maturing biomass ( Table 4) . The relationship between 0-group and 1 group (1grI) of capelin can be described by regressions 1grI =40.697+ 0.0027*0grI (R 2 =0.668, p<0.01) 1grI =47.523+ 0.0008*0grIK (R 2 =0.652, p<0.01)
Herring
The new herring 0-group indices (0grI) varied some from the old indices [1] . The 1982 The , 1984 , and 1990 year classes were underestimated, while 1980, 1986, 1994 , and 1995 were slightly overestimated ( Table 3) . The largest changes (in percentage) were observed in the years with low herring abundance. 0-group index without length correction (0grI) had stronger correlation with 1-group indices than 0grIK had. However, both 0grI and 0grIK had a significant linear correlation with 1grE and SSB ( Fig. 1 and Table 4 ).
The relationship between 0-group and 1 group (1grE) of herring can be described by regressions 1grE=15.543+ 0.0015*0grI (R 2 =0.560, p<0.01) 1grE I =29.959+ 0.0002*0grIK (R 2 =0.277, p=0.01) Cod The differences between new and old 0-group abundance indices were larger in 1982, 1986, 1993, 1994 , and 2004 than in other years ( Table 3) .
Cod 0-group indices were highly correlated with all analyzed indices, except age-3 recruits, and the variation in 0-group abundance was retained through the other indices ( Fig. 1 and Table 4) . The regression analyses show no significant relationship between of 0-group and 3 years old cod (3R).
Haddock The old 0-group haddock indices was underestimated in 1982, 1986, and 1993 and overestimated in 1980, 1994, and 2001, but differences between old and new indices were small ( Table 3) . Haddock 0-group indices were significantly correlated with all analyzed indices ( Fig. 1 and Table 4 ).
The regression analyses shows that relationship between 0-group and abundance of 3 years old haddock (3R) can be described by 3R=1.1134+ 0.5548*ln(0grI) (R 2 =0.552, p<0.01) 3R I =47.523+ 0.0008*ln(0grIK) (R 2 =0.511, p<0.01)
Saithe 0-group index without length correction (0grI) had weaker correlation with age-3 recruits (3R) and SSB than 0grIK had. However, the correlations were poor with 3R and SSB for both 0grI and 0grIK ( Fig. 1 and Table 4 ). Fig . (1) . Time series of 0-group (0grI in blue and 0grIK in red) and abundance for capelin (1grI), herring (1grE), cod (3R), haddock (3R) and saithe (3R). Abundance of older fish shows as a green line.
The regression analyses show no significant relationship between of 0-group and abundance of 3 years old saithe (3R).
Interaction Between 0-group Fishes
Correlations between 0-group indices of capelin, herring, cod, haddock and saithe are shown in Table 5 .
Capelin was negatively correlated with cod, haddock, herring, and saithe. However, only the correlation with cod was significant. Herring was positively correlated with cod, haddock, and saithe. Saithe was positively, but not significantly correlated with haddock. 
DISCUSSION
Recalculation of 0-Group Indices
The quality of the database is fundamental for the estimated results. The joint Norwegian-Russian database was corrected and updated for the period 1980-2006. The increased quality of the database makes us more confident in the indices and hence in analyses based on these data. Indices were estimated both with and without correction for capture efficiency.
The 0-group indices estimated in this work showed some differences from the old indices and the differences vary between years. The differences are mainly due to errors in punching of historical data. Therefore, to avoid these faults in later recording of historical data or during later surveys, collected biological data must be tested by specific testprograms, which detect errors before the data are entered into the database. 
Comparison of 0-group Indices
Capelin Our results showed that capelin 0grI and 0grIK had no significant correlation with the maturing capelin biomass (MB). Capelin is the main prey species for larger predatory fish such as cod, as well as for marine mammals [20, 21] . Estimated MB, based on the autumn survey, will therefore differ from the spawners' abundance in following winter-spring due to predation and harvesting. In addition, variable survival of larvae and post-larvae will weaken the correlation between MB and 0-group of capelin.
Gundersen and Gjøsaeter [9] found no correlation between larval index and 0-group index nor between larval index and 1-group index. Our results showed that capelin 0grI and 0grIK had a no significant correlation between the larval index ( Table 4) , while strong correlation with 1grI. Egg and larvae are the most vulnerable stages of the fish life cycle due to suitable food availability and predation pressure in areas they are transported through. Therefore, variable survival of capelin during its first months of life, as demonstrated for other species in the area [19] , may cause the weak correlation between larvae and 0-group. The 0grI and 0grIK were proportional to the estimates 1-group and the 0-group "area index", and more than 60% of 1-group abundance variation was explained (Table 4) by the variation in 0-group abundance. Therefore new indices of 0-group abundance appear to be a better predictor of year class strength than the estimates of maturing biomass or the larval index. Hence, it is adequate and recommended to use the 0-group index in management and recruitment analyses as an early predictor of capelin recruitment.
Herring Our results showed that 0-group herring abundance indices (0grI and 0grIK) were significant correlated with the age-1 estimate ( Table 4) . Regression analyses showed that 0grI explained a large part (56%) of the variation in age-1, while 0grIK explain only (28%). Weaker correlation between 0grIK and age-1 estimate may be influenced by uncertainties in length correction function for herring. Our results showed that the variation in 0-group herring abundance in the Barents Sea is strongly correlated with SSB ( Table 4) . SSB have commonly been used in herring assessment and management as a predictor of recruitment [15] . Therefore, we can recommend using the 0-group index as input in SeaStar (herring assessment model) [15] and as predictor of year class strength in herring recruitment studies and analyses.
Cod The 0-group indices were significantly correlated with all analyzed indices, except age-3 recruits. The variation in 0-group abundance can be explained by the variation in SSB (Table 4) , and higher SSB level will in most years give a higher level of 0-group abundance. The 0-group abundance of cod is highly correlated with abundance at age-1. It seems that age-1 estimate from the acoustic winter survey (WA) is better correlated with 0grI than age-1 estimates from the bottom trawl winter survey (WBT). This may be caused by a better detection, by the acoustic gear, of age-1 cod distributed in the pelagic. Our results showed that 0-group indices (0grI and 0grIK) were not significantly correlated with recruitment at age-3, this may be related to a high variability in survival at age-1 and age-2. Nevertheless, 0-group indices for cod appear to be reliable predictors of year class strengths; this is useful to study cannibalism and survival, and thus can be applied in to assessment models.
Haddock 0-group indices of haddock were significantly correlated with all analyzed indices, and level of 0-group indices explained most of age-1 estimate from the bottom trawl winter survey (WBT), and the variation in age-3 abundance ( Table 4) . Haddock 0-group is also highly correlated to SSB. Higher number of spawners increases the abundance of 0-group, and only 0-group indices, without environmental condition and predation pressure, can explain about 50% of variation of abundance at age-3.
In conclusion, the 0-group abundance of haddock is highly correlated with abundance at older ages and the 0-group indices appear to be reliable predictors of year class strengths and can be useful as input in to assessment model.
Saithe
Correlations and regression analyses showed that saithe 0-group indices were poorly correlated with both age-3 abundance and SSB ( Table 4) . During the first years of life, a large proportion of this saithe stock is distributed in the fjords along the Norwegian coast [22] , and is therefore not available to be covered by the 0-group survey. Consequently, saithe 0-group indices are underestimates and representative only for the surveyed area. Thus, the saithe 0-group indices can not be recommended as year class strengths indicators. However, 0-group data is useful in spatial and temporal multispecies analyses.
Interaction Between 0-group Fishes
The transport of egg and larvae along the Norwegian and Murman coast and into the Barents Sea is largely determined by currents. Inter-annual variation in currents and climate will therefore influence the distribution and survival of 0-group fish [23, 24] . Distribution varied between years and between species. In the western, central and southern parts of the Barents Sea more or less all of the analyzed species have been observed, while in the northern part mostly capelin, polar cod, and cod have been observed. Therefore, the positive correlation between cod, herring, haddock, and saithe ( Table 5 ) indicate a possible spatial overlap during the first summer and a homogenous response to the environment. We found negative correlations between 0-group capelin and 0-group of cod, herring, and saithe ( Table 5 ), species that overlap both spatially and temporally. Capelin and cod, herring and saithe presents different biogeographic groups, with different responses to temperature and environmental conditions. In addition, our results are in agreement with an earlier study [25] showing that 0-group of cod, herring, and saithe are potential predators of capelin. Therefore, variation in 0-group fish abundance indices depends on oceanographic conditions as well as interactions between 0-group fishes and their spatial and temporal overlap during the first crucial months of their life.
CONCLUSIONS
The goal with this work has been to improve the joint Norwegian and Russian 0-group database and estimate new sets of abundance indices of Barents Sea capelin, Norwegian spring spawning herring, Northeast Arctic cod, Northeast Arctic haddock, Northeast Arctic saithe, redfish, Greenland halibut, long rough dab and two populations of polar cod. 0-group indices have been used in recruitment studies and in stock assessment, therefore it was necessary to correct both database and indices. The updated database has improved the abundance estimates and we have larger confidence in the new indices. We call attention to the errors that have been present in the database and old indices. The general abundance trends have not changed much, and we do not know how the errors have influenced the results of earlier studies of fish growth and recruitment. In general, the 0-group indices seem to be reliable predictors of year class strengths. Capelin, herring and haddock 0-group indices are able to predict numbers of older fish and may be used in stock assessment. While cod and saithe 0-group indices seem to be incapable to predict recruitment at age-3. Nevertheless, indices for cod appear to be reliable predictors of year class strengths, and can be useful as input in to assessment models. 0-group saithe data is useful in spatial and temporal multispecies analyses. 
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